The Proteins in Pemphigus Vulgaris* I. Electrophoretic Analysis of the Proteins in the Blood Serum of Patients with Pemphigus Vulgaris by Lever, Walter F.
THE PROTEINS IN PEMPHIGUS VTJLGARIS*
I. ELECTROPHORETIC ANALYSIS OF THE PROTEINS IN THE BLOOD
SERUM OF PATIENTS WITH PEMPHIGUS VULGARIS
WALTER F. LEVER, M.D.
It has been known for some time that pemphigus vulgaris is accompanied by
hypoproteinemia and by a lowering of the albumin-globulin ratio in the blood
serum. Since electrophoresis represents a more precise method for the analysis
of the serum proteins than has been hitherto available, the blood serum of 15
patients with pemphigus vulgaris was examined by electrophoresis.
Cerutti (1) was the first investigator to note the presence of hypoproteinemia in patients
with pemphigus vulgaris. Determination of the amounts of albumin and globulin in the
blood serum by the Howe method of chemical fractionation with 22.2% sodium sulfate
revealed that the hypoproteinemia was entirely due to a decrease in the albumin fraction,
whereas the globulin fraction was either normal or slightly increased. The degree of de-
crease in the albumin fraction was found to be proportional to the severity of the disease.
Midana (2) confirmed these findings. Talbott and Lever (3, 4) found in patients with
pemphigus vulgaris not only a reduction of the total protein but also a reduction of the
amounts of sodium, chloride and calcium in the blood serum. The degree of reduction in
these constituents usually corresponded to the severity of the clinical condition and the
amount of skin involved. In the malignant form of pemphigus vulgaris, which was called
pemphigus vulgaris acutus, the reduction was much more pronounced than in the more
benign form which was called pemphigus vulgaris chronicus.
Several additonal authors, such as Brøchner-Mortensen (5), Mulvehill (6), Starck (7),
Riordan, Combes, Costello and Tulipan (8), and Percival and Hannay (9), have since
demonstrated, by the use of the Howe method, the frequent occurrence of a low albumin
level in the blood serum of patients with pemphigus vulgaris.
Recently, Robert (10) has published electrophoretic analyses of the serum protein of 2
patients with pemphigus vulgaris. In these patients the relative value of the albumin was
reduced from a normal value of 60% of the total protein to 37.2 and 35.5%, respectively.
Both patients showed a considerable increase in the relative concentrations of the a-glob-
ulins and a slight increase in the relative concentration of the '-globulin.
Experimental
The present study is based on the findings in 15 patients with pemphigus vul-
garis. Eight patients were regarded as having the malignant form of pemphigus
vulgaris which we have called pemphigus vulgaris acutus. Seven patients had the
more benign form of pemphigus vulgaris which we have called pemphigus vulgaris
chronicus.
Pemphigus vulgaris acutus and pemphigus vulgaris chronicus usually repre-
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sent distinct entities that remain as such throughout the course of the disease.
Occasionally, however, pemphigus vulgaris chronicus changes into pemphigus
vulgaris acutus with a corresponding change in the prognosis.
Pemphigus vulgaris acutus was first recognized as a particularly malignant
form of pemphigus vulgaris by Brocq (11) who called it pemphigus subaigu
maim a bulles extensives. The differences in the clinical appearance and in the
prognosis between pemphigus vulgaris acutus and pemphigus vulgaris chronicus
have been discussed in several recent communications (4, 12, 13).
Of the 8 patients with pemphigus vulgaris acutus 4 were male and 4 female.
Five were Jewish. Their ages varied from 41 to 69; the average age was 5.
patients had died, while 2 were living at the time of writing.
Of the 7 patients with pemphigus vulgaris chronicus 4 were male and 3 were
female. Two patients were Jewish. One patient was a child, 11 years of age. The
age of the other patients varied from 47 to 78, averaging 65. All patients were
living at the time of writing.
METHODS
The analyses were performed on fasting samples of blood, drawn in the morn-
ing and allowed to clot. After about 30 minutes the blood sample was centri-
fuged. The supernatant serum was removed and stored in a deep freeze refrigera-
tor at —20°C. up to the time of the analyses.
Electrophoresis
Due to the fact that electrophoretic analysis is at present the most exact
method for determining the relative amounts of the various proteins present in
the blood serum, it has been employed in recent years in a great variety of
diseases. Good reviews of the analytical data obtained by electrophoresis in
various diseases have been published by Stern and Reiner (14), Luetscher (15)
and Gutman (16).
Electrophoretic analysis of proteins is based on the principle that different
species of proteins migrate with different velocities in an electric field. The
analysis is carried out in the apparatus designed by Tiselius (17).
Electrophoretic analysis results in two patterns called the ascending and de-
scending patterns. The patterns obtained with human blood serum show five
distinct protein peaks in addition to one peak that is called the boundary anomaly
and does not represent a protein (fig. 1). Since the area under each protein peak
is proportional to the concentration of the protein fraction represented by the
peak, one can, by measuring the areas under the peaks, determine the relative
amounts of the various protein fractions present in the blood serum (18).
The fastest moving peak represents the albumin which normally constitutes
about 55% of the total serum protein. *Next in order of decreasing velocity come
* In order to obtain correct values for albumin it is advisable to use as buffer sodium
diethylbarbiturate (veronal) at pH 8.6 and ionic strength 0.1, as we have done. If a phos-
phate buffer is used, as some authors in the past have done, no separation of the albumin
and the a-i globulin occurs and the relative value of albumin is 60% instead of the correct
value of 55%.
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the a-i peak and the a-2 peak. These two globulins comprise about 5 and 10%,
respectively, of the serum proteins. Still slower moving is the 13-1 globulin peak.
This globulin represents approximately 15% of the serum proteins. The 13-2
globulin comes next. It is not represented by a peak but "fills" in part the
"valley" between the 3-1 peak and the peak. It constitutes about 4% of the
serum proteins. Slowest of all protein components is 'y globulin representing about
11% of the serum proteins. The y peak is followed by the peak representing the
boundary anomaly. Whereas the albumin is a fairly homogeneous component,
each of the five globulin components represents a mixture of proteins which
differ greatly in molecular size, shape, electrical charge and solubility charac-
teristics and have in common only the same electrophoretic mobility (19).
Determination of the total protein, albumin andglobulin
The concentration of total protein in the blood serum was determined by the
micro-Kjeldahl method. For the chemical determination of the serum albuminIL
a2 a1 A A a1 a2 $
Fia. 1. NORMAL ELEcTRoPEoaTIc PATTERN
The ascending pattern is on the left, and the descending pattern on the right. The highest
peak in each pattern represents the albumin.
and globulin the Howe method (20) was used. This method consists of the pre-
cipitation of the "globulin" fraction of the blood serum with 22.2% sodium
sulfate and the subsequent determination of the amount of protein in the filtrate
which is regarded as the "albumin" fraction. The difference between the amounts
of total protein and "albumin" protein is taken as the value of the "globulin"
fraction.
RESULTS OF ELECTROPHORETIC ANALYSES
Pemphigus vulgaris acutus
Marked changes in the concentration of the total protein and in the electro-
phoretic pattern were found to occui in the blood serum of patients with pemphi-
gus vulgaris acutus. These changes were, however, not present in the early stage
of the disease but developed in the course of the disease. In 2 patients with
pemphigus vulgaris acutus in whom the serum proteins were studied in the early
stage of the disease (Patients 1 and 2, table I), the concentration of total protein
N
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in the serum was normal in one and slightly lowered in the other. Electro-
phoretic analysis in these 2 patients showed a normal electrophoretic pattern in
one patient, while in the other there was a slight decrease in the relative amount
of albumin together with a corresponding slight increase in the relative amounts
of the a-i and a-2 globulins.
The concentration of the total protein in the blood serum of the 7 patients
studied in the advancing and advanced stages of pemphigus vulgaris acutus
showed a moderate, and occasionally a marked, decrease (Patients 2 to 8, table
I). In 4 of the 7 patients the concentration of the total protein decreased to
values of 5 Gm. per 100 ml. of serum or less.
I II
&
Aa1a2/3 y Aa1a2I1 y
FIG. 2. Fouit DESCENDING PATTERNS OF PATIENT 2 (PEMPHIGUS VULGABIS ACUTUS)
Obtained at intervals during the advance of the disease. Note the progressive decrease
in the size of the albumin peak and the progressive increase in the size of the a-i and a-2
globulin peaks. (For exact data see Table I, patient 2.)
Electrophoretic analysis of the blood serum in patients in the advancing stage
of pemphigus vulgaris acutus revealed a close correlation between the size of
the albumin fraction and the clinical condition of the patient. The albumin frac-
tion decreased as the extent of denuded areas increased and the general condition
of the patient deteriorated. This is well illustrated in the case of patient 2 in whom
the albumin fraction decreased from the normal value of 54.6% to 46.5%, 26.8%
and finally 22.5% as the disease progressed towards a fatal termination (fig. 2 and
table I). A marked decrease in the albumin fraction was encountered in all pa-
tients in the advanced stage of pemphigus vulgaris acutus. The lowest values for
albumin obtained in the 7 patients who were examined in the advanced stage of pem-
phigus vulgaris acutus ranged from 25.4% down to 16.2%, resulting in an average
of 22.1% as compared with a normal value of 55%. The values for the a-i and a-2
globulins were found to be markedly increased. The increase in these two frac-
tions was in general inversely proportional to the decrease of the albumin frac-
tion. In several patients the relative values of both the a-i and a-2 globulins
approached those of the albumin; and, in 2 instances (Patients 3 and 5, table I;
fig. 3), the values for a-2 globulin were higher than those of the albumin. The
II
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relative values for $-1 globulin were generally normal. Those for i9-2 globulin
were normal in most instances. In 2 patients, however, there was a moderate in-
crease (Patients 5 and 8, table I). These 2 patients showed also a marked increase
in the relative amount of y globulin, and it is possible that the increase of the
-2 globulin in these cases was a spurious one, caused by "spilling" of the
globulin peak over the 3-2 globulin plateau. The relative values for y globulin
tended to increase quite markedly with the duration of the disease. In 3 patients
in whom the disease had been in the advanced stage for several months the
relative amount of y globulin was increased from a normal value of 11% to values
greater than 30% (Patients 5. 6 and 8, table I; fig. 4).
y I,a2a1A Aa1 a2$1 y
Fm. 3. ASCENDING PATTERN (LEFT) AND DESCENDING PATTERN (RIGHT) OF PATIENT 3
Advanced stage of pemphigus vulgaris acutus. The albumin peak is very small, while
the a-i and a-2 peaks are markedly increased in size. (For exact data see Table I, patient 3,
analysis of January 24, 1949.)
y I3 azaA Aa1a2/31 y
FIG. 4. ASCENDING PATTERN (LEFT) AND DESCENDING PATTERN (RIGHT) OF PATIENT 6
Advanced stage of pemphigus vulgaris acutus. The albumin peak is very small, while
the peak is greatly increased in size. (For exact data see Table I, patient 6.)
The decrease in the amount of albumin in the blood serum became even more
apparent when the relative electrophoretic values were converted into absolute
values per 100 ml. of blood serum according to the equation
Alb. per 100 mL = % of electrophor. alb.X T. P. per 100 mL
While normally the absolute amount of albumin per 100 ml. of serum, as de-
155X6.8\termmed by electrophoresis, is 3.74 Gm. 100 ,,, the lowest values obtained
in the 7 patients who were in the advanced stage of pemphigus vulgaris acutus
ranged from 1.52 Gm. to 0.76 Gm., resulting in an average of 1.16 Gm. (Table
I). In 2 patients (Patients 3 and 5, table I), the amount of albumin per 100 ml.
of blood serum was less than one-fourth of the normal value.
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Pemphigus vulgaris chronicus
In 6 Of the 7 patients with pemphigus vulgaris chronicus determination of the
amount of total protein per 100 ml. revealed either normal or only slightly de-
creased values; and the electrophoretic pattern showed a slight to moderate
decrease of the relative amount of albumin (Table I). In one patient, however,
(Patient 13, table I) who for several weeks had continuous outbreaks of large
bullae, the total protein fell gradually to 4.60 Gm. per 100 ml. and the relative
amount of albumin as determined by electrophoresis decreased to 30.4%. The
absolute value of albumin in the blood serum of this patient was at its lowest
1.44 Gm. per 100 ml. of serum. These values are as low as those observed in
patients with pemphigus vulgaris acutus.
COMPARISON OF THE ELECTROPHORETIC METHOD OF ALBUMIN
DETERMINATION WITH THE CHEMICAL (HOWE) METHOD IN
PATIENTS WITH PEMPHIGUS
The marked reduction in the amount of serum albumin in patients with
pemphigus vulgaris acutus has not been previously known. This is due to the
fact that with the customarily employed Howe method of albumin determina-
tion the reduction of albumin is not fully apparent. In the Howe method most
of the a-i and a-2 globulins escape precipitation with the 22.2% sodium sulfate
solution but remain in solution with the albumin and are counted as albumin
(21). Thus, in diseases such as pemphigus vulgaris acutus, in which the amount
of the a globulins is greatly increased, the decrease of albumin is masked to a
significant degree by the increase in the a globulins when the Howe method of
albumin determination is used.
That a discrepancy exists between the values for albumin as determined by
electrophoresis and by the Howe method has been known for some time (21—23).
However, in normal blood sera in which the amount of the a globulins amounts
to only 15% of the total protein, the excess of the Howe value for albumin over
the correct value for albumin as determined by electrophoretic analysis is rela-
tively small. While the amount of albumin determined by electrophoresis is
about 3.7 Gm. per 100 ml., the amount of albumin determined by the Howe
method is about 4.5 Gm. per 100 ml., an excess of the Howe value over the elec-
trophoretic value of 20%. In pemphigus vulgaris acutus, however, in which the
amount of the a globulins usually is greater than 30% and may be as great as
45% of the total protein, the excess of the Howe value over the electrophoretic
value for albumin may be greater than 100% (Table II). For example, in patient
5 the correct amount of albumin as determined by electrophoresis was 1.18 Gm.
per 100 ml. of blood serum while the Howe method gave a value of 2.41 Gm.,
an excess of 104.2%. In patient 6 the respective values were 1.10 and 2.65 Gm.,
an excess of 140.9%. In patient 2, in whom several albumin determinations were
made by electrophoresis and by the Howe method, the excess of the Howe value
over the electrophoretic value for albumin increased from 26.7% to 28.8%,
98.1% and 124.4%, as the albumin decreased and the a globulins increased. It
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TABLE II
Comparison of the electrophoretic data for albumin and globulin with those obtained by the
Howe method
NR. PATIENT DATE
TOTAL
PROTEIN
100 ml.
ELECTROPHORETIC VALVES HOWE VALUES
EXCESS
OP HOWE
ALBUKIN
VALUE
ELXCTRO-
PHOR. AL-
BUSSIN
VALUE
e
A
protein
A
ml.
G
gm/tOO
ml.
A/G A
protein
A
ml.
G A/G
gm/tOO
ml.
Normal average
6.80 55.0 3.74 3.06 1.22 66.2 4.50 2.3O 1.96 20.3
Pemphigus vulgaris acutus
2 Ca. 12/23/48
1/27/49
2/14/49
2/21/49
7.00
6.70
5.90
5.46
54.6
46.5
26.8
22.5
3.82
3.12
1.58
1.23
3.18
3.58
4.32
4.23
1.20
.87
.37
.29
69.1
60.0
53.0
50.5
4.84
4.02
3.13
2.76
2.16
2.68
2.77
2.70
2.24
1.50
1.13
1.02
26.7
28.8
98.1
124.4
3 Lu. 1/13/49 4.91 29.0 1.42 3.49 .41 54.8 2.69 2.22 1.21 89.4
4 O'Le. 8/13/48 6.05 33.8 2.04 4.01 .51 52.7 3.19 2.86 1.12 56.4
5 Ap. 8/31/48 5.08 23.2 1.18 3.90 .30 47.4 2.41 2.67 .90 104.2
6 Te. 9/17/48 5.75 19.1 1.10 4.65 .24 46.1 2.65 3.10 .85 140.9
7 Ka. 3/ 7/49
4/ 5/49
4/15/49
5.05
6.04
6.04
29.3
26.2
24.1
1.48
1.58
1.46
3.57
4.46
4.58
.41
.35
.31
52.9
52.6
56.8
2.67
3.18
3.43
2.38
2.86
2.61
1.12
1.11
1.31
80.4
101.3
134.9
8 Re. 1/31/49 5.63
2/17/49k 6.00
30.2
25.4
1.70
1.52
3.93
4.48
.43
.34
47.4
38.8
2.67
2.33
2.96
3.67
.90
.67
57.1
53.3
Pemiphigus vulgaris chronicus
10 Fo. 8/30/48 6.34 46.6 2.95 3.39 .87 67.0 4.25 2.09 2.03 44.1
11 Th. 12/15/48
1/13/49
6.40
7.30
55.9
46.0
3.58
3.36
2.82
3.94
1.27
.85
58.6
52.1
3.75
3.80
2.65
3.50
1.42
1.09
4.7
10.1
13 Le. 2/28/49
3/12/49
3/28/49
4/ 5/49
4/15/49
4/18/49
5.61
5.05
4.65
5.04
5.76
6.85
47.0
32.5
31.2
32.4
30.4
30.5
2.63
1.64
1.45
1.63
1.75
2.09
2.98
3.41
3.20
3.41
4.01
3.76
.88
.48
.45
.48
.44
.56
67.7
59.0
51.8
49.6
51.2
45.4
3.80
2.98
2.41
2.50
2.95
3.11
1.81
2.07
2.24
2.54
2.81
3.74
2.10
1.44
1.08
.99
1.05
.83
44.5
81.7
66.2
53.4
68.6
48.8
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is thus readily apparent that the Howe method is inadequate for detecting the
marked decrease in albumin in the blood serum of patients with pemphigus
vulgaris acutus.
Calculation of the albumin-globulin ratio by the Howe method revealed an
inversed ratio in 4 patients (Patients 5, 6, 8 and 13, table II). In these patients
the relative amount of globulin as determined by electrophoresis was increased
to twice or three times the normal amount, varying from 21.5% to 34.8% of the
total protein (Table I). Thus, it appeared that an inversed albumin—globulin
ratio observed by the Howe method in patients with pemphigus vulgaris was
indicative of an increase of the y globulin rather than of a decrease of albumin.
This is due to the fact that in these patients the decrease of the albumin was
largely offset by an increase of the a globulins in the Howe albumin fraction,
whereas an increase in the amount of 'y globulin was fully represented as an in-
crease of the Howe globulin fraction.
DISCUSSION
The question arises as to the cause of the low level of serum albumin in patients
with pemphigus vulgaris acutus. It is probable that it is caused largely by the
loss of albumin through the large denuded oozing skin surfaces characteristic
of advanced pemphigus vulgaris acutus. However, albumin is not lost selectively.
Electrophoretic studies on blister fluid, which are reported in a subsequent paper
(24), show that the electrophoretic pattern of the proteins in the blister fluid
of patients with pemphigus is almost identical with that of the corresponding
blood serum. Thus, all protein fractions are lost; but, whereas the globulins are
regenerated in adequate amounts, this is not the case with albumin. Since al-
bumin, in contrast to the globulins, is believed to be formed exclusively in the
liver it might be presumed that decreased hepatic function is responsible for the
inadequate regeneration of albumin. However, the results of liver function tests
have been essentially normal in all our patients with pemphigus vulgaris acutus
in whom such tests were performed. Thus, the probable explanation for the in-
adequate regeneration of albumin seems to be that even in the normal liver the
regeneration of albumin is a relatively slow process which cannot be speeded up
beyond a certain limit.
That regeneration of albumin proceeds at a slow rate even with normal hepatic
function and with adequate protein feeding has been shown by Zeldis and Ailing
(25). These authors subjected. normal dogs to plasmapheresis, a procedure which
consists of massive bleeding with simultaneous infusion of red cells suspended
in a physiologic salt solution. Electrophoretic analysis of the plasma following
this procedure revealed all protein fractions to be considerably lowered. 'When
thereafter adequate amounts of protein were fed the globulin fractions were
restored to normal within a few days; but restoration of albumin to normal val-
ues required several weeks. In another series of experiments Zeldis, Ailing,
McCoord and Kulka (26) subjected normal dogs to many weeks of low protein
feeding. An electrophoretic pattern similar to that observed in our patients with
pemphigus vulgaris acutus resulted. Even when large amounts of protein were
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fed to such depleted dogs, restoration of the albumin level to normal values re-
quired several weeks.
Albumin is an important fraction of the serum protein. Although albumin con-
stitutes only 55% of the serum protein it accounts for approximately 80% of
the colloid osmotic pressure exerted by the serum protein (27). This high osmotic
pressure makes serum albumin an important factor in the regulation of the os-
motic equilibrium between blood and tissue fluids. Therefore, the marked re-
duction of the albumin must be regarded as a serious development in pemphigus
vulgaris acutus. It is possible that in some patients it is the actual cause of death
since some patients die from symptoms resembling those of chronic shock. At
the time of death the cutaneous lesions often are less severe than during the course
of the disease and on autopsy the internal organs are often found to be essentially
normal. This suggests that death in patients with pemphigus vulgaris is due to
biochemical changes rather than organic lesions.
Because the marked reduction of the serum albumin is thought to be a major
factor in the death of some of the patients with pemphigus vulgaris acutus and
high protein feeding with protein hydrolysates has failed in our hands to produce
any appreciable rise in the serum albumin level of patients with pemphigus
vulgaris acutus, such patients have lately been treated at the Massachusetts
General Hospital with infusions of low-salt human albumin. The results obtained
with this treatment will be reported in a subsequent paper (28).
SUMMARY
Electrophoretic analysis of the serum proteins was carried out in 8 patients
with pemphigus vulgaris acutus and in 7 patients with pemphigus vulgaris chron-
icus.
In the advanced stage of pemphigus vulgaris acutus the amount of serum al-
bumin was found to be markedly reduced. In several patients the amount of
albumin per 100 ml. of blood serum was reduced to less than one-fourth of the
normal value. The amounts of a-i and a-2 globulins were found to be greatly
increased.
In the early stage of pemphigus vulgaris acutus, and in pemphigus vulgaris
chronicus throughout the disease, the albumin was only moderately lowered
or was normal.
Comparison of the electrophoretic values of albumin with those obtained by
the Howe method revealed the Howe method to be inadequate for detecting the
marked decrease of albumin that occurs in the serum of patients with pemphigus
vulgaris acutus. This is due to the fact that the albumin fraction obtained by the
Howe method contains not only the albumin but also most of the a globulins
which are thus counted as albumin. The great increase in the a globulins in the
serum of patients with pemphigus vulgaris acutus masks the decrease of albumin
when the Howe method of albumin determination is employed.
The decrease of the serum albumin in pemphigus vulgaris acutus is probably
caused largely by the considerable loss of protein through the large denuded skin
surfaces. All protein fractions are lost; but, whereas the globulins are regenerated
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in adequate amounts, the albumin is not, even when large amounts of protein
are given by mouth.
Because of the physiologic importance of the serum albumin, treatment by
infusions of human serum albumin appears advisable.
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